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Abstract: When constructing automatic control systems, the main attention often is paid to determining the optimal
parameters of system regulators than other elements that make up the system. The executive mechanisms also significantly
affect the function quality of the control system. In this article, the actuators were considered as a sub-system within the
control system and control algorithms with open and closed-loop communication relative to the actuators were investigated.
To assess the real state of the actuators, and improved control structure with sensors installed on the moving parts has been
developed. For this structure, an algorithm for evaluating and controlling the state of the executive element in a closed system
has been created. A control structure based on a mathematical model has been developed for conditions in which the
actuators cannot be equipped with a sensor. The system control algorithm in such a structure makes it possible to assess the
state of the executive elements even in conditions of insufficient information.
Keywords: control system, executive element, open-loop control, closed-loop control.
Аннотация: Aвтоматик бошқарув тизимларини қуришда асосий эътибор кўпинча регуляторларнинг
оптимал параметрларини аниқлашга қаратилади: тизимни ташкил этувчи бошқа элементларга камроқ еътибор
берилади. Аслида эса ижро етувчи механизмлар ҳам бошқарув тизимининг ишлаш сифатига сезиларли таъсир
кўрсатади. Ушбу мақолада ижро механизмлари бошқариш тизими таркибидаги ним тизим сифатида кўриб
чиқилган. Ижро механизмларига нисбатан очиқ ҳамда берк контурли боғланишга эга бошқариш алгоритмлари
тадқиқ қилинган. Ижро механизмларининг реал ҳолатини баҳолаш учун ҳаракатланувчи қисмларга позиция
сенсорларини ўрнатиш йўли билан бошқаришнинг такомиллаштирилган структураси ишлаб чиқилган. Бу
структура учун берк контурли тизимда ижро элементи ҳолатини баҳолаш ва бошқариш алгоритми яратилган.
Ижро элементларини сенсор билан жиҳозлаб бўлмайдиган шароитлар учун математик блокка таяниб ишлайдиган
бошқариш структураси ишлаб чиқилган. Бундай структурадаги тизимни бошқариш алгоритми ахборотлар етарли
бўлмаган шароитларда ҳам ижро элементлари ҳолатини баҳолаш имконини беради.
Таянч сўзлар: бошқариш тизими, ижрочи механизм, очиқ контурли бошқариш, берк контурли бошқариш.
Аннотация: При построении систем автоматического управления часто основное внимание обращается
определению оптимальных параметров регуляторов: другим элементам, составляющим систему уделяется
меньше внимания. Фактически, исполнительные механизмы тоже существенно влияют на качество
функционирования системы управления. В работы исполнительные механизмы рассмотрены как подсистема
внутри системы управления. Исследованы алгоритмы управления с разомкнутым и замкнутым контуром связи
относительно исполнительных механизмов. Для оценки реального состояния исполнительных механизмов
разработана улучшенная структура управления с датчиками, установленными на движущихся частях. Для этой
структуры создан алгоритм оценивания и управления состоянием исполнительного элемента в замкнутой
системе. Разработана структура управления на основе математической модели для условий, в которых
исполнительные механизмы не могут быть оснащены датчиком. Алгоритм управления системой в такой
структуре позволяет оценить состояние исполнительных элементов даже в условиях недостаточной информации.
Ключевые слова система управления, исполнительный механизм, управление разомкнутым контуром,
управление замкнутым контуром.
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Introduction
One of the main tasks in the world is to improve the hardware and software of control systems
for technological objects, in particular, the development of prototypes of actuators and final control
elements with a new structure and design, improving existing ones, increasing their functionality using
new materials [1]. There is an ongoing demand for high-precision, low-cost, easy-to-maintain
components with streamlined manufacturing processes. Due to the impossibility of radical renewal of
expired elements in control systems, an up-to-the-date scientific approach has to be developed to address
improving the quality of control systems with the introduction of additional controls on existing devices
and elements [2, 3]. Automated control systems, in addition to the control object, consist of a number of
important elements. These elements are called by common names such as sensors, signal converters,
regulators, and actuators [4-7]. Open-loop and closed-loop control systems have been widely studied in
automatic control theory [8-10]. Attempts will be made to transfer any control systems to closed-loop
control, covered by the possible feedback [11]. To properly control the execution mechanisms, a control
algorithm is considered very important [12]. In this paper, open-loop and closed-loop algorithms are
developed relatively executive elements.
Algorithm for controlling the elements of execution in closed-loop systems
In the theory of automatic control, according to the control principle, systems are divided into
open-loop, closed-loop, and combinational systems [13]. In such systems with feedback, information
about the state of the object is transmitted to the control device, whereas, open-loop systems have not
such a connection (Figures 1-a, b).
In this study, a feedback control system refers to a system that forms a closed loop in relation to
an actuator, and not to a control object. It does not matter here whether the control system is open or
closed in relation to the object. This research question can be characterized as a sub-problem within a
control problem. Because issues such as determining the properties of an object, choosing the laws for
controling an object, and ensuring the stability of an object are common practical problems, but the
control system of an executive element where located in this system is a particular problem.

Fig. 1. The functional diagram of control systems: (a) closed-loop and (b) open-loop circuit.

In a closed-loop system, on the functional diagram of the executive element control system
(Figure 2), the main attention is paid to the feedback channel going from the executive element to the
control system. If such a feedback channel exists, the private system is a closed-loop system [14]. In this
case, information about the state of the actuator comes directly from sensors installed in the actuator and
represents the real state of the executive elemet.
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Fig. 2. The system was formed a closed-loop contour relative to the executive element.

In fact, it is also desirable to consider the reliability, level of accuracy, and delay characteristics
of the information from the sensors [12]. But if we will consider these parameters, the system becomes
more complex. Because it will be necessary to take into account the operating conditions, various
characteristics, and a number of other parameters of the sensors installed on the executive elements. To
avoid this type of complexity, the following conditions are defined:
- sensors mounted on executive elements always provide accurate information;
- the measurement accuracy of the sensors always meets the required level;
- the delay time of the sensors during the measurement is equal to zero;
- during the measurement, the energy consumed by the sensors does not affect the energy
required to move the executive elements;
- the sensors do not mechanically influence the movement of the executive elements.
When the above conditions are met, the control system algorithm is slightly simplified (Fig. 3).

Fig. 3. Algorithm for controlling the execution mechanism in a closed-loop system.
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The algorithm works as follows [15]: the 𝑢𝑖 signal from the regulator is compared with the 𝑢𝑖−1
signal from the previous step. If the values of the previous and current signals are equal, the control
system waits for the next signal from the controller. If the current signal differs from the previous one,
the state ℎ𝑖 corresponding to this control signal is calculated.
The next step is to check whether the calculated value is true or not. In some cases, the control
signal may be inappropriate as a result of a regulator failure. Accordingly, if the required value of the
actuator is less than the minimum possible value, the assignment given to the actuator is considered
equal to its minimum value. If the value of the task assigned to the executable element exceeds the
possible value of ℎ𝑖 , the assignment is considered equal to the maximum value of the executable element.
This operation ensures that the drive is in one of the lower or upper limits, even when the regulator
generates an error signal and does not go beyond these limits. In technical terms, this operation is called
saturation.
If the task to the execution element is within the allowable range, this value is compared with the
real value obtained from the sensor ℎ𝑖𝑠 . The result of the comparison is the amount and direction or
polarity of the energy supplied to the drive, according to the error value and signal. The calculations can
also use proportional, integral, and differential laws or their combinations. However, with high
performance of the executor, it is sufficient to use only the law of proportional adjustment in order to
reduce the sampling time of information processing. The calculated amount of energy is transmitted to
the actuator and this cycle is repeated indefinitely.
Algorithm for controlling the executive elements in open-loop systems
It is not always possible to obtain information about the state of the final control elements directly
through the sensors. For example, in electronic or microprocessor-controlled elements, the state change
is performed by an internal program and the mechanical coefficients may not change. In some cases, the
installation of sensors may not be possible in such conditions where the actuators are used, however,
assess the state of the executive element is required. In these conditions, open-loop control systems are
commonly used.
When we talk about open-loop systems, we do not mean a general control system, but a control
system for steering an executive element within the system. In this type of system, information about
the state of the executive element does not come directly from the sensors, but from the mathematical
block operating in parallel with the real system (Figure 4).

Fig. 4. Functional diagram of an open-loop control system relative to the final element.

The mathematical block contains a dynamic model of the executive element that is based on the
model result when assessing the element state. This control system is not without its drawbacks. In
particular, there are a number of issues, such as the level of model accuracy, the processing speed of the
math block, and accounting for unexpected interfering effects. To simplify the system, the following
conditions are set [12]:
- the mathematical model of the element is considered adequate to the real process;
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unexpected violations in the system are not observed or are completely eliminated by the
model;
the time spent on the work of the mathematical unit is so small that it can be neglected in
relation to the time when the process in the general system changes.

Fig. 5. Algorithm for controlling an open-loop control system relative to an actuator.

The operation algorithm of an open-loop control system in relation to an executive element is
schematically more simple than that of a closed-loop control system (Figure 5). The main difficulty lies
in the mathematical block.
The algorithm of the open-loop control system works in the following order. The 𝑢𝑖 signal from
the regulator is compared with the 𝑢𝑖−1 signal from the previous step. If the values of the previous and
current signals are equal, the control system waits for the next signal from the regulator. If the current
signal is different from the previous one, it is checked that the value of the incoming signal is within the
allowable limit. As long as the signal value is greater than the maximum possible value, it is considered
equal to the maximum. If the signal value is less than the possible minimum value, its value is considered
to be equal to the minimum. The signal passing through the boundary filter triggers the mathematical
block.
Since the math block is built on the basis of dynamic equations, it calculates in advance what
value the actuator will take after what time, and the values corresponding to each time are continuously
transmitted to the tuner. These processes occur in an endlessly repeating cycle.
Conclusion
To improve the quality of automatic control systems, we recommend to take into account the
state of the executive elements. With the installation of sensors on the executive mechanism, it is possible
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to accurately estimate the coordinates of the element under conditions where possibly establish a closed
contour connection. Under such conditions, the closed-loop control algorithm allows improving the
quality of work of the system. It is not always available to equip the moving elements of the actuators
with a sensor. In such conditions, open-loop control algorithms are used concerning the execution
elements. The open control algorithm relies on a computer model that runs in parallel with the process.
We assume that simultaneous use of a combination of open-loop and closed-loop control principles
allows ensuring stable operation of the system even in the absence of information.
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